Abstract: Till now, various models of the motion of nanobots have been submitted; the pioneer models, in spite of being exact in mathematics, had their own kind of problems. The most recent challenge is to describe a model whose attitude can be practical so that these motions can be estimated. Considering the massive uses of nanobots, the kinds of motions and velocities of these very small robots need to be studied in a more accurate way. In this essay, we tried to develop a three-dimensional model. The three dimensional model is based on 7 spheres and 6 arms and describes a kind of movement requiring 2 spheres at each arm. The velocity of each kind has also been evaluated. Furthermore, two kinds of three-dimensional movements have been issued and compared as well. That will result in the simplicity of the equations. By applying Oseen's approximation in the Stokes' equation, the velocity in various media has been calculated and modulated.
Introduction
Nanorobotics is a branch of science whose main purpose is to build robots in the size of nanometer (10 −9 meter) which are called nanobots [1, 2] . One of the most efficient uses of these robots is medical usages such as surgery, diabetes diagnosis and drug delivery to cancerous cells [3] [4] [5] . The duty of these nanobots is taking certain stuff to the specified locations; this process lowers the amount of the substance injected for a certain proportion of abstraction [6] .
In different kinds of fluids, the most challenging issue is describing a model which can estimate the motion of these robots [7] . Among various models for describing the motion of nanobots, Purcell's is one of the most important. Mostly, these models are based on the way that tiny creatures move. Purcell showed that the creatures in the water that have only one joint, are not able to move just by opening and closing the joint [8, 9] ; the reason is that the displacement is zero. To make it simple, at the end of the moving cycle, the creature is in the place where it started the cycle [10] . Therefore, he proposed a model based on 3 spheres which are connected by 2 arms. Although the geometry of that model was so simple, the mathematical calculations were so complex which led to a pause in the progress of these kinds of models [11] .
The most recent model is based on Purcell's model that mainly discusses the way that nanobots move in onedimensional media (figure 1). This model consists of a fourlevel motion that is as follows:
A The left arm will reduce its length while the length of the right arm is fixed. B The right arm will reduce its length while the length of the left arm is fixed. C The left arm will open till it gets to the initial length while the length of the right arm is fixed. D The right arm will open till it gets to the initial length while the length of the left arm is fixed.
Remember that the velocity in all of these motions is constant (W) [12] .
The presented model in this article is a modification of the recent models but in a three-dimensional medium. 4 spheres being added perpendicularly to the central sphere along y and z axes, this model can be used as a practical model for moving nanobots. This model contains 7 spheres and 6 arms (figure 2). Imagine a cube that at the middle of each square face of that there is a sphere; therefor the central sphere will be in the center of cube where its diame- Before starting any kind of study, we need to compare two kinds of motions and their results: Sequential motion (the idealized and modeled motion) and Simultaneous motion (the real way of motion).
The initial length of the arm is D which will decrease or increase in one of the axes by ϵ ( figure 3 ). The place of central sphere is as follows:
At first, while the length of the right arm is fixed on D, the left arm will decrease its length till it gets to D-ϵ. Next, the right arm will reduce its length to D-ϵ while the length of the left one is fixed at D-ϵ. At the beginning of the third stage, the left arm will open up till it gets to D. Finally, when the length of the left arm is fixed, the right arm will open till its length gets to D. The displacement of the central sphere is shown by ∆ f and the total displacement in a specified axis is described as ∆. The equations are as follows:
Now we consider two kinds of motions in a threedimension medium. Assume that all spheres have motion along the unit vectors.
Sequential motion
Basically this kind of motion has only one motion at a time in each stage. The total vector and the displacement of the motion will be R total = √ 3 ∆ and ϵ total = √ 3ϵ respectively (figure 4).
Simultaneous Motion
This kind of motion is based on moving along every axis simultaneously. The total vector and the displacement of the motion will be R total = √ 3 ∆ and ϵ total = √ 3ϵ respectively (figure 5).
According to the last survey of ours, the results of these two kinds of motions are alike. As a result, we can use sequential motion in all of our calculations. This kind is used in order to simplify the mathematical equa- tions. The general equation in defining the movement of these solids in an incompressible fluid, Navier-Stokes for medium velocity of U, is as follows:
In this equation, µ, p, U and ρ represent the coefficient of viscosity, the field pressure, vector speed and density respectively that all are fixed along the path. According to the three-dimensional model, U is described as a time invariant vector U (u, v, w). All these calculations are under the condition of low Reynolds numbers (because the speed scale is about 10 −4 m/s).
According to the previous equations:
The vector summation of external forces is zero: fz = fy = fx = 0 [12] .
In all of these equations, the pressure is always fixed. As a result, in either of the axes, the derivative of that is zero. All of the motions in this model have a constant velocity; so its derivative will be taken zero in all of the directions. According to this description, all the terms apply to the model.
Assuming that the spheres are moving in the fluid with constant velocity vector only on one of the axes, U is defined by v. As we proved that a three-dimensional motion has the same results as three one-dimensional motions. As the equations are linear and we have seven spheres (i is the number of the spheres):
H ij is the symmetric Oseen tensor that depends on viscosity, the geometry of the acting objects (here are the spheres) and their placement. As there are no changes in either of these three cases in this model, the condition to establish the defined function is settled. Considering zero summation of external forces
According to the Oseen's tensor H ij , the force applied by one of the spheres to the other one is described as follows [13] :
We assume that each complete motion can be performed only along one of the axes. By taking n as a unit vector, x ij equals to x i − x j and x vectors are the place vectors of the spheres. Regarding to λ = R xij , D >> R:
According to (8) , (10), and (11) for seven spheres: 
Notice that H equals to zero wherever the spheres are not in the same axis. Due to simplification and the high pressure caused by fluid, the only motion that is taken to account is the transmitting one and the rotary motions are not considered at all [14] .
Based on these state factors, the force of each sphere can be calculated.
Average Velocity of Nanobot
The average velocity for all of the spheres will be equal to:
According to (9) and (15):
With simplifying the average speed and inserting (15) and (17), the total velocity of spheres are as follows:
The time needed for a sequential motion is three times as long as one-dimensional one and equals to ((3 × 4 ϵ)) / W; so the average speed of the swimming robot can be defined as: As an example, we have numerically calculated the displacements for the case of D = 10 R and ϵ = 4 R. During the first stroke the middle sphere swims in the x direction by an amount 1.35 R, while in the second stroke it swims a distance of 1.44 R in the positive direction. The third stroke then causes a continuation of the motion in the positive direction for a distance of 1.44 R, and finally, the fourth stroke takes it back by a distance of 1.35 R. At the end of this cycle the sphere is displaced by a net amount of 0.18 R in the positive direction [12] .
Along both the y and z axes, the total displacement in either of them will be equal to +0.18 R. Eventually the total displacement ( √ 3∆) will be 0.18
The average displacement of the swimming robot in all three dimensions and the total movement of the sequential motion along the axes of x, y and z in a complete cycle are figured separately ( Figure 6 ).
If one of the arms cannot move, given that the time for a two-dimensional motion equals to ((2× 4 ϵ)) / W:
If only has one of the arms a motion in its axis, given that the time for a single move equals to (4 ϵ) / W:
Conclusion
This survey introduces a three-dimensional model based on 7 spheres and 6 arms. In this model, we described a kind of movement that requires two spheres at each arm. The model was defined in accordance to Oseen's approximation inserted into the Stokes equations. To solve the Stokes equations, some simplifications were applied. Kinds of the movements and the amount of their displacement have been calculated in each axis. Furthermore, two types of sequential and simultaneous motions have been issued in this medium and the characteristics of each one were determined.
Regarding to cases which are investigated, it was shown that a three-dimensional motion of a nanobot is similar to three one-dimensional motions along the Cartesian axes. Finally, according to the different stages of the arms' movements (noted that one can have no motion in any of the axes) and the simplifying assumption the sequential method of moving around, the velocities and time needed for each one were determined in a onedimensional to three-dimensional media.
